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SPECIFICATION 
CERAMIC SUBSTRATE 



Technical Field 
The present invention relates to a ceramic substrate 
used mainly in the semiconductor industry, and in 
particular to a ceramic substrate that is high in breakdown 
voltage, is superior in the ability of adsorption of a 
semiconductor wafer in the case that the substrate is used 
as an electrostatic chuck, and is superior in temperature 
rising/dropping characteristics in the case that the 
substrate is used as a hot plate (heater) . 

Background Art 
A semiconductor is a very important product necessary 
in various industries. A semiconductor chip is produced, 
for example, by slicing a silicon monocrystal into a given 
thickness to make a silicon wafer and then forming plural 
integrated circuits and so on in the silicon wafer. 

In the process for producing this semiconductor chip, 
the silicon wafer put on an electrostatic chuck is 
subjected to various treatments such as etching and CVD, so 
as to form conductor circuits, elements and so on. Since a 
corrosive gas is used as a gas for deposition, a gas for 
etching, and the like at this time, it is necessary to 
protect an electrostatic electrode layer from corrosion by 
these gases. The electrostatic electrode layer is usually 
covered with a ceramic dielectric film and the like because 
of the necessity of protecting an electrostatic electrode 
from above mentioned gases and the necessity of induction 
of adsorption power. 

As this ceramic dielectric film, nitride ceramics have 
been hitherto used. For example, Japanese Kokai 

Publication Hei 5-8140 discloses an electrostatic chuck z 
using a nitride such as aluminum nitride. Japanese Kokai 



Publication Hei 9-48668 also discloses a carbon-containing 
aluminum nitride having an Al-O-N structure. 

Summary of the Invention 
However, electrostatic chucks using such ceramics have 
the following problems: temperature rising/dropping 
characteristics are insufficient; breakdown voltage drops 
at a high temperature; and Young's modulus drops so that a 
warp is caused. 

It was found that such problems arise not only in 
electrostatic chucks but also in ceramic substrates for 
producing/examining semiconductors, wherein conductors are 
formed on or inside the ceramic substrate like a hot plate, 
a wafer prober and the like. 

The inventors made eager investigations to solve the 
above-mentioned problems. As a result, it has been found 
that degradation in the temperature rising/dropping 
characteristics, the breakdown voltage and Young's modules 
of such a ceramic substrate are caused by insufficient 
sintering properties, and it has newly been found that by 
controlling the degree of sintering in the manner that the 
number of pores contained in a ceramic substrate and having 
a diameter of 0.5 urn or more will be 15 x 10 11 per m 2 or 
less, the above-mentioned problems can be solved. 
Specifically, it has found that the number of the above- 
mentioned pores having a diameter of 0.5 um or more can be 
set to 15 x io 11 per m 2 or less, for example, by adjusting 
the diameter of ingredient particles of a ceramic at first, 
oxidizing the surfaces of the ingredient particles of the 
ceramic, followed by adding an oxide and adjusting pressure 
at the time of sintering. Thus, the present invention has 
been completed. 

In the present invention, the unit of the number of 
pores is made to "per /m 2 ". However, in the case of a 
ceramic substrate having an area of less than 1 m 2 , it 
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would be proper that the unit is made to "per cm 2 ". 
However, the unit is made to "per m 2 " from the viewpoint 
that SI units should be used as much as possible. Of 
course, for conversion to "per cm 2 ", it is advisable that 
5 the value based on "per m 2 " should be multiplied by 10~ 4 . 

Namely, the present invention is a ceramic substrate 
having a conductor formed on the surface thereof or inside 
thereof, characterized in that said ceramic substrate is 
having 15 x 10 11 or less pores having a diameter of 0.5 urn 
10 or more per m 2 . 

Brief Description of the Drawings 
FIG. 1 is a plain view that schematically shows one 
example of a ceramic heater using a ceramic substrate of 
15 the present invention. 

FIG . 2 is an enlarged partial sectional view of the 
ceramic heater shown in FIG. 1. 

FIG. 3 is a sectional view that schematically shows 
one example of an electrostatic chuck using a ceramic 
20 substrate of the present invention. 

FIG. 4 is a sectional view taken on A-A line of the 
ceramic heater shown in FIG. 3. 

FIG. 5 is a sectional view that schematically shows 
one example of an electrostatic chuck using a ceramic 
25 substrate of the present invention. 

FIG. 6 is a sectional view that schematically shows 
one example of an electrostatic chuck using a ceramic 
substrate of the present invention. 

FIG. 7 is a sectional view that schematically shows 
30 one example of an electrostatic chuck using a ceramic 
substrate of the present invention. 

FIGs . 8 (a) - (d) are sectional views that schematically 
show a part of the process for producing the electrostatic 
chuck shown in FIG. 5. 
35 FIG. 9 is a horizontal sectional view that 



schematically shows the shape of an electrostatic electrode 
constituting an electrostatic' chuck according to the 
present invention. 

FIG. 10 is a horizontal sectional view that 
schematically shows the shape of an electrostatic electrode 
constituting an electrostatic chuck according to the 
present invention. 

FIG. 11 is a sectional view that schematically shows 
the condition that an electrostatic chuck according to the 
present invention is fitted into a supporting case. 

FIG. 12 is a sectional view that schematically shows a 
wafer prober using a ceramic substrate of the present 
invention. 

FIG. 13 is a sectional view that schematically shows 
guard electrodes of the wafer prober shown in FIG . 12. 

FIG. 14 is an electron microscopic photograph showing 
pores of a ceramic substrate. 



Explanation of the Symbol 

1, 11, 63 ceramic substrate 

2, 22, 32a, 32b chuck positive electrostatic layer 

3, 23, 33a, 33b chuck negative electrostatic layer 
2a, 3a semicircular part 

2b, 3b comb-shaped part 

4 ceramic dielectric film 

5, 12, 25, 61 resistance heating element 

6, 13, 18 external terminal 

7 metal wire 

8 Peltier device 

9 silicon wafer 

10 ceramic heater 

14 bottomed hole 

15 through hole 

16, 17, 19 plated through hole 

20, 30, 101, 201, 301, 401 electrostatic chuck 



25a 


metal covering layer 


35, 36 


blind hole 


41 


supporting case 


42 


coolant outlet 


43 


inhalation duct 


44 


coolant inlet 


45 


heat insulator 


62 


chuck top conductor layer 


65 


guard electrode 


66 


ground electrode 


66a 


electrode non-formed area 


67 


groove 


68 


suction hole 


501 


wafer prober 



Detailed Description of the Invention 
The ceramic substrate of the present invention is a 
ceramic substrate having a conductor formed on the surface 
thereof or inside thereof, characterized in that said 
ceramic substrate is having 15 x 10 11 or less pores which 
have a diameter of 0.5 um or more per m 2 . 

In the ceramic substrate of the present invention, the 
number of pores that are present in the ceramic substrate 
and have a diameter of 0.5 um or more is 15 x 10 11 per m 2 or 
less. If the number of the pores that have a diameter of 
0.5 um or more is in such level, the temperature 
rising/dropping characteristics of the above-mentioned 
ceramic substrate, the breakdown voltage and Young's module 
thereof at a high temperature are superior. Therefore, no 
warp is caused in the ceramic substrate even at a high 
temperature of about 4 00 to 500 °C. 

In the present invention, the diameter and the number 
of pores can be controlled, for example, by adjusting the 
diameter of ingredient particles of a nitride ceramic at 
first and then adjusting pressure, pressing time, 
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temperature and so on at the time of sintering. Thus, the 
number of the pores that are present in such a sintered 
body and have a diameter of 0.5 p or more are set to 15 x 
10 11 per m 2 or less. 
5 As the diameter of the ingredient particles of the 

nitride ceramic is smaller, the diameter of the pores 
contained in the ceramic substrate becomes smaller but the 
number of the pores increases. As the pressure, the 
pressing time and a sintering temperature at the time of 

10 sintering the nitride ceramic become higher or longer, the 
diameter of the pores contained in the ceramic substrate 
becomes smaller and the number of the pores also decreases. 
However, if the pressing time is too long or the sintering 
temperature is too high, grain-growth advances excessively 

15 so that grains constituting the sintered product become 
enormous. On the other hand, an appropriate range of the 
pressure and so on vary according to the kind of the 
ceramic. It is therefore desired that the diameter of the 
ingredient particles of the nitride ceramic, the pressure 

20 upon sintering the nitride ceramic particles, and so on are 
appropriately adjusted according to the kind of the ceramic 
substrate to be produced. 

Said oxide to be added is preferably an oxide of the 
element constituting the ingredient particles of the 

25 nitride ceramic. This is because the above oxide is the 
same as the material of an oxidized surface layer of the 
ingredient particles of the nitride ceramic and helps 
smooth sintering. In order to oxidize the surface of the 
ingredient particles of the nitride ceramic, it is desired 

30 to fire it at 500-1000 °C in oxygen or the air. 

The average particle diameter of ceramic powder used 
in the sintering is preferably from 0.1 to 5 um. This is 
because such powder is easily sintered. 

Furthermore, it is desired that silica or a sulfur 

35 compound is added to the ingredient powder in the manner 
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that the amount of Si after the sintering is 0.05 - 50 ppm 
or the amount of the sulfur compound after the sintering is 
0.05 - 80 ppm (by weight in both the cases) in the ceramic 
substrate. This is considered to be because these 
5 compounds connect the oxidized film on the surface of the 
ingredient particles of the nitride ceramic to the added 
oxide . 

The pressure applied upon the sintering is preferably 
from 0 to 200 kgf/cm 2 . This is because the diameter and 

10 the number of the formed pores can be suppressed and within 
this range it is possible to keep the breakdown voltage, 
Young's module and so on of the produced ceramic substrate. 
Other sintering conditions will be described in detail in 
connection to the process for producing an electrostatic 

15 chuck later. 

It is desired that the ceramic substrate obtained by 
sintering in the above-mentioned manner contains 0.05-10% 
by weight of oxygen. If the amount thereof is below 0.05% 
by weight, the sintering does not advance so that porosity 

20 becomes higher and thermal conductivity is lowered. On the 
other hand, if the amount of oxygen is over 10% by weight, 
said oxygen is segregated in grain boundaries so that the 
amount of oxygen in the grain boundaries becomes too large. 
As a result, the thermal conductivity is lowered so that 

25 the temperature rising/dropping characteristics are 
degraded. 

In the present invention, it is desired that the 
ceramic substrate is made of a nitride ceramic containing 
oxygen and further the diameter of its maximum pores is 50 
30 um or less. The porosity thereof is desirably 5% or less. 
It is also desired that the ceramic substrate has no pores 
or, if any, the diameter of the maximum pores is 50 |j.m or 
less. 

In the case that no pores are present, the breakdown 
35 voltage at a high temperature becomes particularly high. 



By contrary, in the case that the pores are present, the 
value of fracture toughness becomes high. Therefore, which 
design is selected varies according to required 
characteristics . 

5 The reason why the fracture toughness value is raised 

by the presence of the pores is not clear. It is, however, 
presumed that the development of cracks is stopped by the 
pores . 

The reason why the diameter of the maximum pores is 

10 desirably 50 urn or less in the present invention is that if 
the diameter of the pores is over 50 urn, it becomes 
difficult to keep the breakdown voltage characteristic at a 
high temperature, in particular at 200 °C or higher. 

The diameter of the maximum pores is desirably 10 |um 

15 or less. This is because the amount of a warp at 200 °C or 
higher becomes small. 

As described above, the number of the pores and the 
diameter thereof can be controlled by adjusting the 
particle diameter ,of the ingredient particles, the pressure 

20 upon the sintering, and so on. Besides, they can be 
controlled by an additive such as SiC or BN. This is 
because pores can be introduced since SiC or BN inhibits 
the sintering. 

In the measurement of the number of the pores, 5 

25 samples are prepared. Their surfaces are polished into 
mirror planes. Any ten points in the surfaces are 
photographed with 2000 - 5000 magnifications through an 
electron microscope. From the taken photographs, the 
number of pores having a diameter of 0.5 |um or more is 

30 counted. The average value thereof is then obtained. It 
is divided by the area of the field of view. The length of 
the longest portion of a pore is defined as the diameter of 
the pore . 

Porosity is measured by Archimedes' method. A 
35 sintered product is crashed to pieces, and then the crashed 



product is put into an organic solvent or mercury to 
measure the volume. True specific gravity is calculated 
from the weight and the volume of the crashed product. The 
porosity is calculated from the true specific gravity and 
the apparent specific gravity. 

It is desired that the diameter of the ceramic 
substrate of the present invention is 200 mm or more, and 
it is particularly desired that the diameter is 12 inches 
(300 mm) or more. This is because such a substrate will be 
the main stream of semiconductor wafers in the next 
generation. This is also because a problem on the warp to 
be solved by the present invention does not easily occur on 
the ceramic substrates having a diameter of 200 mm or less. 

It is desired that the thickness of the ceramic 
substrate of the present invention is 50 mm or less and it 
is particularly desired that the thickness is 25 mm or less. 

If the thickness of the ceramic substrate is over 25 
mm, the thermal capacity of the ceramic substrate is 
occasionally too large. In particular, this is because if 
a temperature control means is set up to heat and cool the 
substrate, temperature-following ability is occasionally 
lowered because of the large thermal capacity. 

This is also because the problem on the warp to be 
solved by the present invention does not arise easily with 
respect to ceramic substrates having a thickness over 25 mm. 

The optimal thickness of the ceramic substrate is 
particularly 5 mm or less. The thickness of the ceramic 
substrate is desirably 1 mm or more. 

The ceramic material constituting the ceramic 
substrate of the present invention is not particularly 
limited. A nitride ceramic or a carbide ceramic is 
preferable. The nitride ceramic may be a metal nitride 
ceramic, for example, aluminum nitride, silicon nitride, 
boron nitride, titanium nitride and the like. 

The carbide ceramic may be, for example, silicon 
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carbide, titanium carbide, tantalum carbide, tungsten 
carbide, zirconium carbide, and the like. 

The oxide ceramic may be, for example, alumina, silica, 
yttria, beryllia, and the like. 

Among these ceramics, aluminum nitride is particularly 
preferable. This is because it has the highest thermal 
conductivity, that is, 180 W/m-K. 

In the present invention, the ceramic substrate 
desirably contains an oxide. As the oxide, for example, an 
alkali metal oxide, an alkali earth metal oxide, or a rare 
earth oxide can be used. Among these sintering aids, CaO, 
Y 2 0 3 , Na 2 0, Li 2 0 and Rb 2 0 are particularly preferable. 
Alumina or silica may also be used. The content thereof is 
desirably from 0.1 to 20% by weight. 

Alumina is best as an oxide to be added, particularly 
in the case of aluminum nitride. In the case of silicon 
nitride, silica is best. 

In the present invention, it is desired that the 
ceramic substrate contains 5 - 5000 ppm of carbon. 

This is because incorporation of carbon makes it 
possible to blacken the ceramic substrate and use 
sufficient radiant heat at the time of use as a heater. 

Carbon may be amorphous or crystal. In the case of 
using amorphous carbon, a drop in volume resistivity can be 
prevented at a high temperature. In the case of using 
crystal carbon, a drop in thermal conductivity can be 
prevented at a high temperature. Therefore, both of 
crystal carbon and amorphous carbon may be used together 
depending on uses. The carbon content is more preferably 
from 50 to 2 000 ppm. 

In the case that carbon is incorporated in the ceramic 
substrate, it is desired that carbon is incorporated in the 
manner that its brightness is made to N4 or less as a value 
based on the regulation according to JIS Z 8721. The 
ceramic substrate having such a brightness is superior in 



the quantity of radiant heat and covering ability. 

The brightness N represents a brightness scale with 
the brightness of ideal black being taken as 0 and the 
brightness of ideal white as 10 and the brightness of a 
sample is expressed on the scale divided in 10 at equal 
intensity intervals of perceptual brightness, as NO to N10. 

In actual measurement, a comparison is made with color 
cards corresponding to NO to N10. In this case, decimal 
fractions are rounded to 0 or 5. 

The ceramic substrate of the present invention is a 
ceramic substrate used in devices for producing or 
examining semiconductors. Examples of specific devices 
include an electrostatic chuck, a hot plate (ceramic 
heater), and a wafer prober and so on. 

In the case that the conductor formed inside the 
ceramic substrate is a resistance heating element, the 
ceramic substrate can be used as a ceramic heater (hot 
plate) . 

FIG. 1 is a plain view that schematically shows an 
example of a ceramic heater that is one embodiment of the 
ceramic substrate of the present invention. FIG. 2 is an 
enlarged partial sectional view showing a part of the 
ceramic heater shown in FIG. 1. 

A ceramic substrate 11 is made in a disk form. Inside 
the ceramic substrate 11, resistance heating elements 12 as 
temperature control means are formed in the pattern of 
concentric circles. About these resistance heating 

elements 12, two concentric circles close to each other are 
connected to produce one line as a circuit, and external 
terminals 13 that become inputting/outputting terminals are 
connected to both ends of the circuit via plated through 
holes 19. 

As shown in FIG. 2, through holes 15 are made in the 
ceramic substrate 11, and support pins 2 6 are inserted into 
the through holes 15 to support a silicon wafer 9. 
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By moving the support pins 2 6 up and down, it is 
possible to receive the silicon wafer 9 from a carrier 
machine, put the silicon wafer 9 on a wafer-treating 
surface 11a of the ceramic substrate 11 and heat the 
silicon wafer 9, or support the silicon wafer 9 in the 
state that the silicon wafer 9 is apart from the wafer- 
treating surface 11a at a distance of about 50 - 2000 fim 
and heat the silicon wafer 9. Bottomed holes 14 into which 
temperature-measuring elements such as thermocouples are 
inserted are made in a bottom surface lib of the ceramic 
substrate 11. When an electric current is applied to the 
resistance heating elements 12, the ceramic substrate 11 is 
heated so that a product such as a silicon wafer and so on 
can be heated. 

Also, after forming an through hole or a concave 
portion in the ceramic substrate, a support pin whose tip 
is in a spire form or a hemispheric form is inserted into 
the through hole or the concave portion. Then this support 
pin is fixed in the state that the pin projects out 
slightly from the ceramic substrate. With these pins, the 
silicon wafer is supported in the state that the wafer is 
apart from the heating surface at a distance of about 50 - 
2 00 0 urn and can be heated. 

In the ceramic substrate 11 constituting this hot 
plate, the number of pores having a diameter of 0.5 fjia or 
more is as small as 15 x 10 n per m 2 or less. Thus, the 
ceramic substrate 11 is sintered fine enough. Therefore, 
in this ceramic substrate 11 its temperature 
rising/dropping characteristics are superior, and its 
breakdown voltage and Young's module at a high temperature 
do not drop. No warp are generated in the ceramic 
substrate even at a high temperature of 400 to 500 °C. 

The resistance heating elements may be arranged inside 
the ceramic substrate or on the bottom surface of the 
ceramic substrate. In the case that the resistance heating 
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elements are set up, inlets for blowing a coolant, such as 
air, as a cooling means may be made in a supporting case 
into which the ceramic substrate is fitted. 

In the case that the resistance heating elements are 
5 arranged inside the ceramic substrate, the elements may be 
made of plural layers. In this case, the patterns of the 
respective layers may be formed to complement them mutually. 
One of the patterns is desirably formed on any one of the 
layers when being viewed from the heating surface. For 
10 example, a structure having a staggered arrangement is 
desirable . 

Examples of the resistance heating element include 
sintered products made of a metal or a conductive ceramic, 
a metal foil, and a metal wire. As the metal sintered 

15 product, at least one selected from tungsten and molybdenum 
is preferable. This is because these metals are not 
relatively liable to be oxidized, and have a sufficient 
resistance value for generating heat. 

As the conductive ceramic, at least one selected from 

20 carbides of tungsten and molybdenum can be used. 

In the case that the resistance heating elements are 
formed on the bottom surface of the ceramic " substrate, it 
is desired to use noble metals (gold, silver, palladium and 
platinum), or nickel as the metal sintered product. 

25 Specifically, silver, silver-palladium, and the like can be 
used . 

As metal particles used in the metal sintered product, 
spherical particles, scaly particles, or a mixture of 
spherical particles and scaly particles can be used. 

30 When the resistance heating elements are formed on the 

surface of the ceramic substrate, it is allowable to add a 
metal oxide to a metal and sinter the mixture. The reason 
why the above-mentioned metal oxide is used is that the 
ceramic substrate and particles of the metal are caused to 

35 adhere closely to each other by the oxide. The reason why 



the close adhesiveness between the ceramic substrate and 
the metal particles is improved by the metal oxide is not 
clear, but suspected to be as follows. Thus, an oxidized 
film is slightly formed on the surface of the metal 
particles. The oxidized film is also formed on the surface 
of the ceramic substrate not only in the case that the 
ceramic substrate is made of an oxide but also in the case 
that the ceramic substrate is made of a non-oxide ceramic. 
It can be therefore considered that these oxidized films 
are cosintered and integrated on the surface of the ceramic 
substrate through the metal oxide so that the metal 
particles and the ceramic substrate adhere closely to each 
other. 

As the metal oxide, at least one selected from, for 
example, lead oxide, zinc oxide, silica, boron oxide (B 2 0 3 ) , 
alumina, yttria, and titania is preferable. This is 
because these oxides improve the close adhesiveness between 
the metal particles and the ceramic substrate without 
increasing the resistance value of the resistance heating 
elements . 

The amount of the metal oxide is desirably between the 
range of 0.1 or more and less than 10 parts by weight per 
100 parts by weight of the metal particles. This is 
because by using the metal oxide within this range, the 
resistance value does not become excessively large and the 
close adhesiveness between the metal particles and the 
ceramic substrate can be improved. 

When the total amount of the metal oxides is regarded 
as 100 parts by weight, the ratios of lead oxide, zinc 
oxide, silica, boron oxide (B 2 0 3 ) , alumina, yttria and 
titania are preferably as follows: lead oxide: 1-10 parts 
by weight; silica: 1-30 parts by weight; boron oxide: 5 - 
50 parts by weight; zinc oxide: 20 - 70 parts by weight; 
alumina: 1-10 parts by weight; yttria: 1-50 parts by 
weight; and titania: 1-50 parts by weight. However, 
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these amounts are preferably adjusted within the scope that 
the total of these amounts is not over 100 parts by weight. 
This is because within above ranges it is possible to 
particularly improve the close adhesiveness to the ceramic 
substrate . 

In the case that the resistance heating elements are 
arranged on the bottom surface of the ceramic substrate, it 
is desired to cover the surfaces of the resistance heating 
elements 25 with metal layer 25a (see FIG. 5) . The 
resistance heating elements 25 are sintered products made 
of the metal particles. If the resistance heating elements 
25 are exposed, they are easily oxidized. This oxidization 
causes a change in the resistance value. Thus, by covering 
the surfaces with the metal layers 25a, oxidization can be 
prevented. 

The thickness of the metal layer 25a is desirably from 
0.1 to 100 )Jiri. This is because within in this range it is 
possible to prevent oxidization of the resistance heating 
elements without changing the resistance value of the 
resistance heating elements. 

The metal used for the covering should be a non- 
oxidizable metal. Specifically, at least one selected from 
gold, silver, palladium, platinum, and nickel is preferable. 
Among these metals, nickel is more preferable. This is 
because; terminals for the connection to a power source are 
necessary in the resistance heating elements, therefore 
the terminals are attached to the resistance heating 
elements through solder. There, nickel prevents solder from 
being thermally diffused. As the connecting terminals, 
external terminals made of koval may be used. 

In the case that the resistance heating elements are 
formed inside the ceramic substrate, covering is 
unnecessary since the surfaces of the resistance heating 
elements are not oxidized. In the case that the resistance 
heating elements are formed inside a ceramic substrate, a 
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part of the surfaces of the resistance heating elements may- 
be exposed. 

As the resistance heating elements, a metal foil or 
metal wire may be used. As the metal foil, resistance 
heating elements prepared by etching nickel foil or 
stainless steel foil into a pattern is desirable. The 
patterned metal foils may be put on each other with a resin 
film and the like. Examples of the metal wire include a 
tungsten wire, and a molybdenum wire. 

In the case that the conductor formed inside the 
ceramic substrate is an electrostatic electrode layer, the 
ceramic substrate can be used as an electrostatic chuck. 
In this case, an RF electrode or a resistance heating 
element may be formed as conductor below the electrostatic 
electrode and inside the ceramic substrate. 

FIG. 3 is a vertical sectional view that schematically 
shows one embodiment of the electrostatic chuck according 
to the present invention. FIG. 4 is a sectional view taken 
on A- A line of the electrostatic chuck shown in FIG. 3. 

In this electrostatic chuck 101, an electrostatic 
electrode layer composed of a chuck positive electrostatic 
layer 2 and a chuck negative electrostatic layer 3 is 
embedded in a disk-shaped ceramic substrate 1. A thin 
ceramic layer 4 (hereinafter referred to as a ceramic 
dielectric film) is formed on the electrostatic electrode 
layer. A silicon wafer 9 is put on the electrostatic chuck 
101 and is earthed. 

As shown in FIG. 4, the chuck positive electrostatic 
layer 2 is composed of a semicircular part 2a and a comb- 
shaped part 2b. The chuck negative electrostatic layer 3 
is also composed of a semicircular part 3a and a comb- 
shaped part 3b. These chuck positive electrostatic layer 2 
and chuck negative electrostatic layer 3 are arranged 
opposite to each other so that the comb-shaped parts 2b and 
3b cross each other. The positive side and the negative 
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side of a direct current power source are connected to the 
chuck positive electrostatic layer 2 and chuck negative 
electrostatic layer 3, respectively. Thus, a direct 
current V 2 is applied thereto. 

In order to control the temperature of the silicon 
wafer 9, resistance heating elements 5 in the form of 
concentric circles as viewed from the above, as shown in 
FIG. 1, are set up inside the ceramic substrate 1. 
External terminals are connected and fixed to both ends of 
the resistance heating elements 5, and a voltage V 1 is 
applied thereto. A bottomed hole into which a temperature- 
measuring element is inserted and an through hole through 
which a support pin (not illustrated) that supports the 
silicon wafer 9 and moves it up and down penetrates are 
made in the ceramic substrate 1, as shown in FIGs. 1 and 2 
but not shown in FIGs. 3 and 4. The resistance heating 
elements may be formed on the bottom surface of the ceramic 
substrate . 

•When this electrostatic chuck 101 is operated, a 
direct current V 2 is applied to the chuck positive 
electrostatic layer 2 and the chuck negative electrostatic 
layer 3. In this way, the silicon wafer 9 is adsorbed onto 
these electrode through the ceramic dielectric film 4 by 
electrostatic action of the chuck positive electrostatic 
layer 2 and the chuck negative electrostatic layer 3. The 
silicon wafer 9 is fixed onto the electrostatic chuck 101 
in this way, and subsequently the silicon wafer 9 is 
subjected to various treatments such as CVD. 

In the electrostatic chuck 101, the ceramic dielectric 
film 4 is made of a nitride ceramic containing oxygen, and 
desirably has a porosity of 5% or less and a maximum pore 
diameter of 5 um or less. The pores in this ceramic 
dielectric film 4 are desirably composed of pores 
independent on each other. 

In the ceramic substrate constituting this 



electrostatic chuck, the number of the pores having a 
diameter of 0.5 |j.m or more is as small as 15 x 10 11 per m 2 
or less. Thus, the ceramic substrate is sintered densely 
enough. Therefore, in this ceramic substrate, the 
temperature rising/dropping characteristics are superior 
and the breakdown voltage and Young's module thereof do not 
drop at a high temperature. No warp is caused in the 
ceramic substrate even at a high temperature of about 4 00 
to 500 °C. 

Besides the resistance heating elements 12, a Peltier 
device (see FIG. 7) is mentioned as the temperature control 
means . 

In the case that the Peltier device is used as the 
temperature control means, both heating and cooling can be 
attained by changing the direction along which an electric 
current passes. Thus, this case is advantageous. 

As shown in FIG. 7, the Peltier device 8 is formed by 
connecting p type and n type thermoelectric elements 81 in 
series and then jointing the resultant to a ceramic plate 
82. 

Examples of the Peltier device include 
silicon/germanium, bismuth/antimony, and lead/tellurium 
materials . 

The electrostatic chuck of the present invention has a 
structure as shown in, for example, FIGs. 3 and 4. The raw 
materials of the ceramic substrate and so on have already 
been described. The following will describe other 

respective members constituting the electrostatic chuck, 
and other embodiments of the electrostatic chuck of the 
present invention in detail and successively. 

The ceramic dielectric film used in the electrostatic 
chuck of the present invention is preferably made of a 
nitride ceramic. 

As this nitride ceramic, the same as materials of the 
above-mentioned ceramic substrate can be listed up. The 
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nitride ceramic desirably contains oxygen. In this case, 
the sintering of the nitride ceramic advances easily. In 
the case that the nitride ceramic substrate includes pores, 
the pores are independent on each other so that the 
breakdown voltage is improved. 

In order to incorporate oxygen into the nitride 
ceramic, a metal oxide is usually mixed with ingredient 
powder of the nitride ceramic, and then the mixture is 
sintered . 

The metal oxide may be alumina (A1 2 0 3 ) , silicon oxide 
(Si0 2 ) , and the like. 

The added amount of such a metal oxide is preferably 
from 0.1 to 10 parts by weight per 100 parts by weight of 
the nitride ceramic. 

By setting the thickness of the ceramic dielectric 
film to 50 - 5000 um, sufficient breakdown voltage can be 
kept without lowering chucking power. 

If the thickness of the ceramic dielectric film is 
below 50 um, the thickness is too small so that sufficient 
breakdown voltage cannot be obtained. Thus, when a silicon 
wafer is put and adsorbed thereon, the ceramic dielectric 
film may undergo dielectric breakdown. On the other hand, 
if the thickness of the ceramic dielectric film is over 
5000 um, the distance between the silicon wafer and the 
electrostatic electrodes are large so that the capability 
of adsorbing the silicon wafer is lowered. The thickness 
of the ceramic dielectric film is preferably from 100 to 
1500 um. 

Preferably, the porosity of the ceramic dielectric 
film is 5% or less and the diameter of maximum pores is 5 
um or less. 

If the porosity is over 5%, the number of the pores 
increases and the diameter of the pores becomes too large 
so that the pores tend to be connected to each other. In 
the ceramic dielectric films having such a structure, their 



breakdown voltage drops. 

When the diameter of the maximum pores is over 5 (am, 
breakdown voltage at a high temperature cannot be kept even 
if the number of the pores is made small. Also, it is 
difficult to raise the thermal conductivity. The porosity 
is preferably from 0.01 to 3%. The diameter of the maximum 
pores is preferably from 0.1 to 10 jam. 

The number of the pores that are present in the 
ceramic dielectric film having such a structure and have a 
diameter of 0.5 urn or more is as small as 15 x 10 11 per m 2 
or less. Thus, the ceramic dielectric film can be 
sufficiently densely sintered. Therefore, the following 
does not arise: corrosive gas and so on transmit through 
the ceramic dielectric film to corrode the electrostatic 
electrode . 

The ceramic dielectric film desirably contains 50 - 
5000 ppm of carbon. This is because carbon can hide the 
electrode pattern arranged in the electrostatic chuck and 
give high radiant heat. Also, as the volume resistivity is 
lower, the adsorption power of the silicon wafer becomes 
higher at a low temperature. 

The reason why pores may be present to some extent 
in the ceramic dielectric film in the present invention is 
that fracture toughness can be made high. In this way, 
thermal impact resistance can be improved. 

The electrostatic electrode may be, for example, a 
sintered product made of a metal or a conductive ceramic, 
or a metal foil. As the metal sintered product, a product 
made of at least one selected from tungsten and molybdenum 
is preferable. The metal foil is preferably made of the 
same as the raw material of the metal sintered product. 
This is because these metals are not relatively liable to 
be oxidized and have sufficient conductivity for electrodes. 
As the conductive ceramic, at least one selected from 
carbides of tungsten and molybdenum can be used. 
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FIGs. 9 and 10 are horizontal sectional views that 
schematically show an electrostatic electrode in a 
different electrostatic chuck. In an electrostatic chuck 
20 shown in FIG. 9, a chuck positive electrostatic layer 22 
and a chuck negative electrostatic layer 23 in a 
semicircular form are formed inside a ceramic substrate 1. 
In an electrostatic chuck shown in FIG. 10, chuck positive 
electrostatic layers 32a, 32b and chuck negative 
electrostatic layers 33a, 33b, each of which has a shape 
obtained by dividing a circle into 4 parts, are formed 
inside a ceramic substrate 1. The two chuck positive 
electrostatic layers 22a, 22b and the two chuck negative 
electrostatic layers 33a, 33b are formed to cross. 

In the case that an electrode in the shape of a circle 
and the like being divided is formed, the number of divided 
pieces is not particularly limited but may be 5 or more. 
Its shape is not limited to a sector. 

Examples of the electrostatic chuck in the present 
invention include the electrostatic chuck 101 having a 
structure, wherein the chuck positive electrostatic layer 2 
and the chuck negative electrostatic layer 3 are arranged 
between the ceramic substrate 1 and the ceramic dielectric 
film 4, and the resistance heating elements 5 are set up 
inside the ceramic substrate 1, as shown in FIG. 3; the 
electrostatic chuck 201 having a structure, wherein the 
chuck positive electrostatic layer 2 and the chuck negative 
electrostatic layer 3 are arranged between the ceramic 
substrate 1 and the ceramic dielectric film 4, and the 
resistance heating elements 25 is disposed on the bottom 
surface of the ceramic substrate 1, as shown in FIG. 5; the 
electrostatic chuck 301 having a structure, wherein the 
chuck positive electrostatic layer 2 and the chuck negative 
electrostatic layer 3 are arranged between the ceramic 
substrate 1 and the ceramic dielectric ' film 4, and the 
metal wire 7, which is a resistance heating element, is 



embedded in the ceramic substrate 1, as shown in FIG. 6; 
and the electrostatic chuck 401 having a structure, wherein 
the chuck positive electrostatic layer 2 and the chuck 
negative electrostatic layer 3 are arranged between the 
ceramic substrate 1 and the ceramic dielectric film 4, and 
the Peltier device 8 composed of the thermoelectric element 
81 and the ceramic plate 82 is formed on the bottom surface 
of the ceramic substrate 1, as shown in FIG. 7. 

As shown in FIGs. 3-7, in the present invention the 
chuck positive electrostatic layer 2 and the chuck negative 
electrostatic layer 3 are arranged between the ceramic 
substrate 1 and the ceramic dielectric film 4, and the 
resistance heating elements 5 or the metal wire 7 is formed 
inside the ceramic substrate 1. Therefore, connecting 
units (plated through holes) 16, 17 are necessary for 
connecting these to external terminals. The plated through 
holes 16, 17 are made by filling up blind holes with a high 
melting point metal such as tungsten paste or molybdenum 
paste, or a conductive ceramic such as tungsten carbide or 
molybdenum carbide. 

The diameter of the connecting units (plated through 
holes) 16, 17 is desirably from 0.1 to 10 mm. This is 
because disconnection can be • prevented and further cracks 
or strains can be prevented in this range. 

The plated through holes are used as connecting pads 
to connect external terminals 6, 18 (see FIG. 8(d)). 

The connecting thereof is performed with solder or 
brazing-filler. As the brazing-filler, brazing silver, 
brazing palladium, brazing aluminum, or brazing gold is 
used. Brazing gold is desirably Au-Ni alloy since Au-Ni 
alloy is superior in adhesiveness to tungsten. 

The ratio of Au/Ni is desirably [81.5-82.5 (% by 
weight) ]/ [18. 5-17. 5 (% by weight)]. 

The thickness of the Au-Ni layer is desirably from 0.1 
to 50 nm. This is because this range is a range sufficient 



for keeping connection. If Au-Cu alloy is used at a high 
temperature of 500 - 1000 °C and at a high vacuum of 10" 6 - 
10~ 5 Pa, the alloy deteriorates. However, Au-Ni alloy does 
not cause such deterioration and is profitable. When the 
total amount of the Au-Ni alloy is regarded as 100 parts by 
weight, the amount of impurities therein is desirably below 
1 part by weight. 

If necessary, in the present invention a thermocouple 
may be embedded in the bottomed hole in the ceramic 
substrate. This is because the thermocouple makes it 
possible to measure the temperature of the resistance 
heating element and, on the basis of the resultant data, 
voltage or electric current is changed so that the 
temperature can be controlled. 

The size of the connecting portion of metal wires of 
the thermocouple is the same as the diameter of the strand 
of the respective metal wires or more, and is preferably 
0.5 mm or less. Such a structure makes the thermal 
capacity of the connecting portion small, and causes a 
temperature to be correctly and speedy converted to a 
current value. For this reason, temperature control 
ability is improved so that the temperature distribution of 
the heated surface of the wafer becomes small. 

Examples of the thermocouple include K, R, B, S, E, J 
and T type thermocouples, described in JIS-C-1602 (1980) . 

FIG. 11 is a sectional view that schematically shows a 
supporting case 41 into which the electrostatic chuck of 
the present invention, having a structure as described 
above, is fitted. 

The electrostatic chuck 101 is fitted into the 
supporting case 41 through a heat insulator 45. Coolant 
outlets 42 are made in the supporting case 11, and a 
coolant is blown from a coolant inlet 44, passes through 
the coolant outlet 42, and go outside from an inhalation 
duct 43. By the action of this coolant, the electrostatic 



chuck 101 can be cooled. 

The following will describe one example of the process 

for producing an electrostatic chuck as one example of the 

ceramic substrate of the present invention on the basis of 

sections shown in FIGs . 8 (a) -(d) . 

(1) First, ceramic powder of a nitride ceramic, a 

carbide ceramic and the like is mixed with a binder and a 

solvent to obtain a green sheet 50. 

As the ceramic powder, there may be used, for example, 

oxygen-containing aluminum nitride powder obtained by 

firing it in an oxidizable atmosphere. If necessary, a 

sintering aid such as alumina or sulfur may be added. 

One or several green sheets 50' which are laminated on 

the green sheet on which electrostatic electrode layer 
printed element 51 that will be described later are formed 
are layers which will become a ceramic dielectric film 4; 
therefore, the sheet 50' may have a composition different 
from that of the ceramic substrate if necessary. 

Usually, the same raw material is desirably used for 
the ceramic dielectric film 4 and the ceramic substrate 1. 
This is because these are sintered together in many cases 
so that the condition for the sintering are the same. In 
the case that the raw materials are different depending on 
the part, it is allowable that a ceramic substrate is first 
produced, an electrostatic electrode layer is formed 
thereon and then a ceramic dielectric film is formed 
thereon. 

As the binder, at least one selected from an acrylic 
binder, ethylcellulose, butylcellusolve, and polyvinyl 
alcohol is desirable. 

As the solvent, at least one selected from a- 
terpineol and glycol is desirable. 

A paste obtained by mixing these ■ is molded into a 
sheet using the doctor blade technique. Thus, the green 
sheet 50 is obtained. 



If necessary, an through hole into which a supporting 
pin for a silicon wafer is inserted and a concave portion 
in which the thermocouple is embedded may be formed in the 
green sheet 50 and an through hole may also be formed in a 
portion where a plated through hole is to be formed. The 
through hole can be made by punching and the like. 

The thickness of the green sheet is preferably from 
about 0.1 to 5 mm. 

Next, a conductor containing paste is filled up into 
the through holes in the green sheet 50, to obtain plated 
through hole printed elements 53, 54. Next, a conductor 
containing paste that will be electrostatic electrode 
layers and resistance heating elements is printed on the 
green sheet 50. 

The printing is performed to obtain a desired aspect 
ratio, considering the shrinkage ratio of the green sheet 
50. In this way, electrostatic electrode layer printed 
elements 51 and resistance heating element layer printed 
elements 52 are obtained. 

The printed elements are formed by printing a 
conductor containing paste containing conductive ceramic or 
metal particles, and the like. 

As the conductive ceramic particles contained in the 
conductor containing paste, carbide of tungsten or 
molybdenum is optimal. This is because they are not easily 
oxidized and their thermal conductivity is not easily 
lowered. As the metal particles, tungsten, molybdenum, 
platinum, nickel and the like can be used. The average 
particle diameters of the conductive ceramic particles and 
the metal particles are preferably from 0.1 to 5 urn. This 
is because the conductor containing paste is not easily 
printed in either case that these particles are too large 
or too small. 

As such a paste, the following conductor containing 
paste is optimal: a conductor containing paste prepared by 
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mixing 85 - 97 parts by weight of the metal particles or 
the conductive ceramic particles; 1.5-10 parts by weight of 
at least one binder selected from acrylic binder, 
ethylcellulose, butylcellusolve and polyvinyl alcohol; 1.5 
- 10 parts by weight of at least one solvent selected from 
a-terpineol, glycol, ethyl alcohol, and butanol. 

Next, as shown in FIG. 8 (a) , the green sheet 50 having 
the printed elements 51, 52, 53, 54 and the green sheet 50' 
having no printed elements are made into a lamination. The 
reason why the green sheet 50' having no printed elements 
are placed at the side where the resistance heating 
elements are formed is that the following phenomenon is 
prevented: the end faces of the plated through holes are 
exposed and oxidized at the time of the sintering for the 
formation of the resistance heating elements. If the 
sintering for the formation of the resistance heating 
elements is performed in the state that the end faces of 
the plated through holes are exposed, it is necessary to 
sputter a metal which is not easily oxidized, such as 
nickel on it. More preferably, the end faces may be 
covered with brazing gold of Au-Ni . 

(2) Next, as shown in FIG. 8(b), the lamination is 
heated and pressed to sinter the green sheet and the 
conductor containing paste. 

Heating temperature is preferably from 1000 to 2000 °C 
and pressure is preferably from 100 to 200 kgf/cm 2 . The 
heating and the pressing are performed in the atmosphere of 
inert gas. As the inert gas, argon, nitrogen and the like 
can be used. In this step, plated through holes 16, 17, 
the chuck positive electrostatic layer 2, the chuck 
negative electrostatic layer 3, the resistance heating 
elements 5 and so on can be formed. 

(3) Next, as shown in FIG. 8(c), blind holes 35, 36 
for connecting external terminals are formed. 

It is desirable that at least a part of internal walls 



of the blind holes 35, 3 6 is made conductive and the 
conductive part of the internal walls is connected to the 
chuck positive electrostatic layer 2, the chuck negative 
electrostatic layer 3, the resistance heating elements 5 
and so on. 

(4) At last, as shown in FIG. 8(d), external terminals 
6, 18 are set up to the blind holes 35, 36 through brazing 
gold. If necessary, a bottomed hole may be made so that a 
thermocouple may be embedded therein. 

As solder, an alloy such as silver-lead, lead-tin or 
bismuth-tin can be used. The thickness of the solder layer 
is desirably from 0.1 to 50 \im. This is because this range 
is sufficient for maintaining the connection utilizing the 
solder . 

In the above description, the electrostatic chuck 101 
(see FIG. 3) is given as an example. In the case that the 
electrostatic chuck 201 (see FIG. 5) is produced, it is 
advisable to produce first a ceramic substrate having an 
electrostatic electrode layer, then print a conductor 
containing paste on the bottom surface of this ceramic 
substrate, sinter the resultant, subsequently form the 
resistance heating elements 25 and then form the metal 
covering layer 25a by electroplating and the like. In the 
case that the electrostatic chuck 301 (see FIG. 6) is 
produced, it is advisable that a metal foil or a metal wire 
is embedded as electrostatic electrodes and resistance 
heating elements in ceramic powder first and then the 
resultant is sintered. 

In the case that the electrostatic chuck 401 (see FIG. 
7) is produced, it is advisable that a ceramic substrate 
having an electrostatic electrode layer is produced first 
and then a Peltier device is jointed to the ceramic 
substrate through a flame sprayed metal layer. 

The ceramic substrate functions as a wafer prober in 
the case that conductors are arranged on the surface of or 
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inside the ceramic substrate of the present invention, and 
the conductive layer on the surface is a chuck top 
conductor layer and the conductor inside is either of a 
guard electrode or a ground electrode. 

FIG. 12 is a sectional view that schematically shows 
one embodiment of the wafer prober of the present invention. 
FIG. 13 is a sectional view taken along A-A line in the 
wafer prober shown in FIG. 12. 

In this wafer prober 501, grooves 67, in the form of 
concentric circles as viewed from the above, are formed in 
the surface of a disc-form ceramic substrate 63. Moreover, 
suction holes 68 for sucking a silicon wafer are formed in 
a part of the grooves 67. A chuck top conductor layer 62 
for the connection to electrodes of the silicon wafer is 
formed in a circular form in the greater part of the 
ceramic substrate 63 including the grooves 67. 

Resistance heating elements 61 as shown in FIG. 1, in 
the form of concentric circles as viewed from the above, 
are disposed on the bottom surface of the ceramic substrate 
63 to control the temperature of the silicon wafer. 
External terminals (not illustrated) are connected and 
fixed to both ends of the resistance heating element 61. 
Inside the ceramic substrate 63, guard electrodes 65 and 
ground electrodes 66 (see FIG. 13), in the form of a 
lattice as viewed from the above, are disposed in order to 
remove stray capacitor and noise. The raw material of the 
guard electrodes 65 and the ground electrodes 66 may be the 
same as that of the electrostatic electrode. 

The thickness of the chuck top conductor layer 62 is 
desirably from 1 to 20 jam. If the thickness is below 1 jam, 
its resistance value is too high so as not to function as 
an electrode. On the other hand, if the thickness is over 
20 urn, the layer exfoliates easily by stress that the 
conductor has . 

As the chuck top conductor layer 62, there can be used, 
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for example, at least one metal selected from high melting 
point metals such as copper, titanium, chromium, nickel, 
noble metals (gold, silver, platinum and so on) , tungsten 
and molybdenum. 

On the wafer prober having such a structure, a 
conduction test can be performed by putting a silicon wafer 
on which integrated circuits are formed, pushing a prove 
card having tester pins against the silicon wafer, and 
applying a voltage thereto while heating and cooling the 
wafer. In the ceramic substrate constituting this wafer 
prober, the number of pores having a diameter of 0.5 fim or 
more is as small as 15 x 10 11 per m 2 or less. Thus, the 
ceramic substrate is sufficiently densely sintered. 
Therefore, this ceramic substrate has superior temperature 
rising/dropping characteristics, and the breakdown voltage 
and Young's module thereof do not drop at a high 
temperature. Therefore, no warp is caused in the ceramic 
substrate even at a high temperature of about 400 to 500 °C . 

In the case that the wafer prober is produced, it is 
advisable, for example, to produce first a ceramic 
substrate in which resistance heating elements are embedded 
in the same way as in the case of the electrostatic chuck, 
then form grooves in the surface of the ceramic substrate, 
and subsequently subject the surface portion in which the 
grooves are made to sputtering, plating and the like to 
form a metal layer. 

Best Modes for Carrying Out the invention 
The present invention will be described in more 
detailed hereinafter. 

Examples 1-8 Production of an electrostatic chuck (see FIG. 
6) 

(1) Two electrodes having a shape shown in FIG. 9 were 
formed by punching a tungsten foil of 10 \xnx in thickness. 

These two electrodes and a tungsten wire, together 
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with 1000 parts by weight of aluminum nitride powder fired 
in the air at 500 °C for 1 hour (made by Tokuyama Corp. and 
the average particle diameter is shown in Table 1) , 2 0 
parts by weight of alumina (the average particle diameter: 
0.4 Jim) and 115 parts by weight of an acrylic binder, were 
put into a mold, and then the materials were hot-pressed in 
nitrogen gas at a temperature of 1890 °C and at a pressure 
of 0 to 200 kgf/cm 2 as shown in Table 1 for 3 hours, so as 
to obtain an aluminum nitride plate of 3 mm in thickness. 
This was cut into disc-form plates having a diameter of 230 
mm. At this time, the thickness of its electrostatic 
electrode layer was 10 |im. In Example 8, however, 4 parts 
by weight of Y 2 0 3 (the average particle diameter: 0.4 |Ltm) 
were added. In any Examples, the diameter of the maximum 
pores of the resultant sintered product was 5 |im or less. 

(2) Next, the plate obtained in the (1) was polished with 
a diamond grindstone. Subsequently a mask was put thereon, 
and bottomed holes (diameter: 1.2 mm, and depth: 2.0 mm) 
for thermocouples were made in the surface by blast 
treatment with SiC and the like. 

(3) Furthermore, portions where the plated through holes 
were made were hollowed out to make blind holes. Brazing 
gold made of Ni-Au was heated and allowed to reflow at 700 
°C to connect external terminals made of koval to the blind 
holes . 

As to the connecting part of the external terminals, a 
structure, wherein a support of tungsten supports at three 
points, is desirable. This is because the reliability of 
the connection can be maintained. 

(4) Next, thermocouples for controlling temperature were 
embedded in the bottomed holes to finish the production of 
an electrostatic chuck having resistance heating elements. 

The number of pores present in the ceramic substrate 
(ceramic dielectric film) of the thus produced 
electrostatic chuck having the resistance heating elements, 
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the breakdown voltage of the electrostatic chuck, the 
thermal conductivity thereof and so on were measured by 
methods that will be described below. The results are 
shown in Table 1. 
Comparative Example 1 ' 

The same manner as in Example 1 was carried out except 
that the average particle diameter of the aluminum nitride 
powder was set to 0.6 urn and the pressure upon the 
sintering was set to 40 kgf/cm 2 , to obtain an electrostatic 
chuck . 

About the resultant electrostatic chuck, the number of 
the pores, the breakdown voltage, the thermal conductivity 
and so on were measured by the following methods in the 
same manner as in Examples 1-8. The results are shown in 
Table 1. 

Evaluation method 

(1) Measurement of the pores in the ceramic substrate 
(ceramic dielectric film) 

Five samples were prepared. Their surfaces were 
polished into mirror planes. By means of an electron 
microscope, photographs of any ten points of the surfaces 
were taken with 2000 magnifications. On the taken 
photographs, the numbers of the pores having a diameter of 
0.5 urn or more were counted, and then the average thereof 
was obtained. It was divided by the area of the field of 
view. In the case that the length of the pores along the 
lengthwise and lateral directions were different, the 
maximum value among them was adopted as the diameter. 

(2) Evaluation of the breakdown voltage of the ceramic 
substrate (ceramic dielectric film) 

On the electrostatic chucks produced in Examples 1-8 
and Comparative Example 1, after putting a metal electrode 
thereon, and then a voltage was applied between the 
electrostatic electrode layer and the electrode to measure 
the voltage when dielectric breakdown occurred. 
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(3) Measurement in thermal conductivity 

a. Used equipment 

Rigaku laser flash method thermal constant measuring 
device 

LF/TCM-FA8510B 

b. Test conditions 

Temperature: ambient temperature and 400 °C 
Atmosphere: vacuum 

c. Measurement method 

-Temperature upon measurement of specific heat was 
detected with a thermocouple (Platinel) , which was bonded 
to the surface of the sample with silver paste. 

-Specific heat at ambient temperature was measured in 
the state that a light receiving plate (glassy carbon) was 
bonded through silicone grease to the upper surface of the 
sample. The specific heat (Cp) of the sample was obtained 
by the following calculation equation (1) : 

AO 1 
Cp= { Cp • VV -Cp ■ W } — . . . (i ) 

In the above-mentioned calculation equation (1), AO is 
input energy, AT is the saturated value upon temperature- 
rising of the sample, Cp G . c is the specific heat of the 
glassy carbon, W GC is the weight of the glassy carbon, 
Cp s . G is the specific heat of the silicone grease, W S . G is 
the weight of the silicone grease and the W is the weight 
of the sample. 

(4) Measurement of fracture toughness 

Using a Vicker's hardness meter (made by Akashi 
Seisaku-syo, MVK-D type), its indenter was pressed down on 
the surface to measure the length of a resultant crack. 
From this, the following calculation equation (2) was used 
to calculate fracture toughness: 

Fracture toughness = 0.026 x E 1/z x 0.5 x p 1/2 x a x C' 3/z ...(2) 
wherein E is Young's modulus (3.18 x io 11 Pa), P is 
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the pressing load (98 N) , a is the half (m) of the average 
length of diagonal lines of the indentation, and C is the 
half (m) of the average of the lengths of the crack. 
(5) Warp amount 

5 The temperature of the sample was raised to 450 °C and 

a load of 150 kgf/cm 2 was applied thereto, and then the 
sample was cooled to 25 °C. A shape-analyzer (made by 
Kyocera Corp., Nanoway) was used to measure the warp 
amount thereof. 
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As is clear from the results shown in Table 1, the 
number of the pores that were present in the ceramic 
substrates constituting the electrostatic chucks according 
to Example 1-8 and that has a diameter of 0.5 |_im or more 
was 15 x 10 11 per m 2 or less. Therefore, the breakdown 
voltage of these ceramic substrates showed a large value, 
and the temperature rising/dropping characteristics were 
good. The warp amount thereof was small. On the other 
hand, the number of the pores that were present in the 
ceramic substrate constituting the electrostatic chuck 
according to Comparative Example 1 which had a diameter of 
0.5 um or more was over 15 x 10 11 per m 2 . Therefore, the 
breakdown voltage of the ceramic substrate was relatively 
small, and the temperature rising/dropping characteristics 
was poor. The warp amount thereof was large. All of the 
results were poorer than the results of Example 1-8. 

In Example 8 wherein no pore was presented, its 
breakdown voltage, warp amount and thermal conductivity 
were very good, whereas its fracture toughness was poor. 
If fracture toughness and so on are taken into 
consideration, the number of the pores is required to be 1 
x 10 B per m 2 or more. If warp amount at high temperatures 
and breakdown voltage are considered, it is best that the 
number of the pores is 5 x io 10 per m 2 or less. 
(Example 9) Production of the wafer prober 501 (see FIG. 
12) 

(1) Using a paste obtained by mixing 1000 parts by weight 
of aluminum nitride powder (made by Tokuyama Corp., and 
average particle diameter: 1.1 urn) , 20 parts by weight of 
alumina (average particle diameter: 0.4 (um) , 115 parts by 
weight of an acrylic binder, 5 parts by weight of polyether 
sulfone, 0.03 part by weight of silica, 5 parts by weight 
of a dispersant, and 530 parts by weight of alcohols 
consisting of 1-butanol and ethanol, molding was conducted 
by the doctor blade technique to obtain a green sheet 



having a thickness of 0.47 mm in thickness. 

(2) Next, this green sheet was dried at 80 °C for 5 hours, 
and then through holes for plated through holes for 
connecting resistance heating elements to external 
terminals were made by punching. 

(3) 100 parts by weight of tungsten carbide particles 
having an average particle diameter of 1 uin, 3.0 parts by 
weight of an acrylic binder, 3.5 parts by weight of oc- 
terpineol, and 0.3 part by weight of a dispersant were 
mixed to prepare a conductor containing paste A. 

Furthermore, 100 parts by weight of tungsten particles 
having an average particle diameter of 3 um, 1.9 parts by 
weight of an acrylic binder, 3.7 parts by weight of ct- 
terpineol, and 0.2 part by weight of a dispersant were 
mixed to prepare a conductor containing paste B. 

Next, lattice-form guard electrode printed elements 
and ground electrode printed elements were printed on the 
green sheet by screen printing using this conductor 
containing paste A. 

The conductor containing paste B was filled up into 
the through holes for plated through holes for connection 
to external terminals. 

The green sheets having the printed elements and green 
sheets having no printed elements, the number of those was 
50, were laminated and integrated with each other at 130 °C 
by a pressure of 80 kgf/cm 2 to produce a lamination. 
(4) Next, this lamination was subjected to degreasing in 
nitrogen gas at 600 °C for 5 hours and hot-pressing at 1890 
°C and a pressure of 150 kgf/cm 2 for 3 hours to obtain an 
aluminum nitride plate of 3 mm in thickness. The resultant 
plate was cut into a disc of 300 mm in diameter to prepare 
a plate made of the ceramic. Regarding the size of the 
plated through holes 16, its diameter was 0.2 mm and its 
depth was 0.2 mm. 

The thickness of the guard electrodes 65 and the 
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ground electrodes 66 was 10 \xm. The position where the 
guard electrodes 65 were formed was away by 1 mm from the 
wafer-putting surface. The position where the ground 
electrodes 66 were formed was a position that was away by 
1.2 mm from the wafer-putting surface. The length of one 
side of non-conductor formed areas 66a in the guard 
electrodes 65 and the ground electrodes 66 was 0.5 mm. 

(5) The plate obtained in the (4) was polished with a 
diamond grindstone. Subsequently a mask was put thereon, 
and concave portions for thermocouples and grooves 67 

(width: 0.5 mm, and depth: 0.5 mm) for adsorbing a wafer 
were made on the surface by blast treatment with SiC and 
the like. 

(6) Furthermore, a layer for forming the resistance 
heating elements 61 was printed on the surface opposite to 
the wafer-putting surface. For the printing, a conductor 
containing paste was used. As the conductor containing 
paste, Solbest PS603D made by Tokuriki Kagaku Kenkyusho , 
which is used for forming plated through holes in a printed 
circuit board, was used. This conductor containing paste 
was a silver/lead paste, and contained 7.5 parts by weight 
of metal oxides made of lead oxide, zinc oxide, silica, 
boron oxide and alumina (the weight ratio thereof was 
5/55/10/25/5) per 100 parts by weight of silver. 

The shape of the silver was a scaly form having an 
average particle diameter of 4.5 |jirw 

(7) The ceramic substrate on which the conductor 
containing paste was printed was heated and sintered at 780 
°C, to sinter silver and lead in the conductor containing 
paste and bake the paste on the ceramic substrate 63. 
Furthermore, the ceramic substrate was immersed in an 
electroless nickel plating bath comprising 30g/L of nickel 
sulfate, 30 g/L of boric acid, 30 g/L of ammonium chloride 
and 60 g/L of Rochelle salt to precipitate a nickel layer 
(not illustrated) having a thickness of 1 \xm and a boron 
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content of 1% by weight or less on the surface of the 
resistance heating elements 61 made of sintered silver. 
Thereafter, the ceramic substrate was subjected to 
annealing treatment at 120 °C for 3 hours. 

Regarding the resistance heating elements made of 
sintered silver, its thickness was 5 urn, its width was 2.4 
mm, and it's area resistivity was 7.7 mQ/D . 

(8) By sputtering, a titanium layer, a molybdenum layer 
and a nickel layer were successively formed on the surface 
on which the grooves 67 were formed. As the machine for 
the sputtering, SVMR-454 0 made by ULVAC Japan, Ltd. was 
used. Regarding the conditions of the sputtering, pressure 
was 0.6 Pa, temperature was 100 °C and electric power was 
200 W. Sputtering time was within the range of 30 seconds 
to 1 minute and was adjusted depending on the respective 
metals . 

Regarding the thickness of the resultant, the 
. thickness of the titanium layer was 0.3 jim, that of the 
molybdenum layer was 2 urn and that of the nickel layer was 
1 (am, based on the observation from images on a fluorescent 
X ray analyzer. 

(9) The ceramic substrate obtained in the (8) was immersed 
in an electro nickel plating bath comprising 30g/L of 
nickel sulfate, 30 g/L of boric acid, 30 g/L of ammonium 
chloride and 60 g/L of Rochelle salt to precipitate a 
nickel layer having a thickness of 7 |j,m and a boron content 
of 1% by weight or less on the surface of the metal layer 
formed by the sputtering. The ceramic substrate was 
subjected to annealing treatment at 120 °C for 3 hours. 

No electric current passes through the surfaces of the 
resistance heating elements, and the surfaces were not 
covered with electroplating. 

Furthermore, the ceramic substrate was immersed in an 
electroless gold plating solution comprising 2g/L of 
potassium gold cyanide, 75 g/L of ammonium chloride, 50 g/L 
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of sodium citrate and 10 g/L of sodium hypophosphite at 93 
°C for 1 minutes to form a gold plating layer 1 |im in 
thickness on the nickel plating layer. 

(10) The suction holes 68 passing out from the grooves 67 
5 to the opposite side were formed by drilling. Furthermore, 
blind holes (not illustrated) for exposing the plated 
through holes 16 were made. Brazing gold made of Ni-Au 
arroy ( Au : 81.5% by weight, Ni : 18.4% by weight and 
impurities: 0.1% by weight) was heated and allowed to 

10 reflow at 970 °C to connect external terminals made of 
koval to the plated through hole in the blind hole. 
External terminals made of koval were formed through solder 
(90% by weight of tin/10% by weight of lead) on the 
resistance heating elements. 

15 (11) Next, thermocouples for controlling temperature were 
embedded in the concave portions, to obtain the wafer 
prober heater 501 with the heaters. 

When this wafer prober with the heaters was heated to 
200 °C, the temperature reached 200 °C in about 20 seconds. 

20 The ceramic substrate constituting the wafer prober 

with the heaters was cut out for the measurement. In the 
same way as in Example 1, the number of the pores that were 
present in this ceramic substrate and have a diameter of 
0.5 um or more was measured. As a result, the number was 

25 1.5 x io 10 per m 2 . 

Industrial Applicability 

As described above, the ceramic substrate of the 
present invention is sintered in the manner that the number 
30 of pores having a diameter of 0.5 jam or more becomes 15 
xlO 11 per m 2 or less. Thus, its temperature rising/dropping 
characteristics are superior, and its breakdown voltage is 
large. Moreover, its warp amount is small. 
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CLAIMS 

1. A ceramic substrate having a conductor formed on the 
surface thereof or inside thereof, characterized in that 
5 said ceramic substrate is having 15 x 10 11 or less pores 
which have a diameter of 0.5 urn or more per m 2 . 
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ABSTRACT 

An object of the present invention is to provide a 
ceramic substrate that is superior in temperature 
5 rising/dropping characteristics and breakdown voltage at a 
high temperature, has a small warp amount, and is best as a 
substrate for semiconductor- producing/examining devices. 
The ceramic substrate of the present invention is a ceramic 
substrate having a conductor formed on the surface thereof 
10 or inside thereof, characterized in that said ceramic 
substrate is having 15 x 10 11 or less pores which have a 
diameter of 0.5 urn or more per m z . 
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Japanese Language Declaration 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 
CERAMIC SUBSTRATE 
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the specification of which 
□ is attached hereto. 

B was filed on May 15, 2000 

as United States Application Number or 
PCT International Application Number 
PCT/JP00/03081 andwasamendedon 

(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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I hereby claim foreign priority under Title 35, United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 

6 March 2000 



(Day/Month/Year Filed) 
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I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application® listed 
below. 
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I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application^), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, I acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

2 of 3 

8/97 



Japanese Language Declaration 

o$iift) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



rofman F. Obion, Reg. No i _24 A gl8l-Marvin J. Spivak, Reg. No. ?4.£13^C. Irvin McClelland, Reg. No_2JL124; Gregory J. Maier, Reg. No. 
_25J5aaLArthur I. Neustadt, Reg. No_24£54^Richard D. Kelly, Reg. N c^27.757: James D. Hamilton, Reg. No^Z&^ZL. Eckhard H. Kuesters, 
Reg. N o. 28,870 ; Robert T. Pous, Reg. No. 29,099 ^ Charles L. Gholz, Reg. No-2&3g5; William E. Beaumont, Reg. Ncl_3H29j6^ Jean-Paul 
Lavalleye, Reg. No. 31 ,45 1j,Stephen G. Baxter, Reg. No. 32.884 : Richard L. Treanor, Reg. Np^a&STg^ Steven R Weihrouch, Reg. No. 
32.829: John T. Goolkasian, Reg. Na__2£_L42^_Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. Ne^SCLOll ; Carl E. Schlier, Reg. 
N o. 34.42 6: James J. Kulbaski, Reg. No. 34,64 8; Richard A. Neifeld, Reg~No^35Sa9^J. Derek Mason, Reg. No. 3£J=r70j_S urinder Sachar, 
Reg. NO.J24-423; Jeffrey B. Mclntyre, Reg. No_^3JL867^William T. Enos, Reg. Ncv_&L128; Michael E. McCabe, Jr., Reg. M©r-3£Jj32; Bradley 
D. Lytle, Reg. Nq^4QJ2Zai_and Michael R. Casey, Reg. No. 4£L224_^with full powers of substitution and revocation. 



S§nd Correspondence to: 

I OBLON, SPIVAK, MCCLELLAND, MAIER & NEUSTADT, P.C 
/ FOURTH FLOOR 

/ 1 755 JEFFERSON DAVIS HIGHWAY 

/ ARLINGTON, VIRGINIA 22202 U.S.A. 



WMWsSMti&tfe : (^M&t^fMSfll-^-) Direct Telephone Calls to: (name and telephone number) 

(703)413-3000 





Full name of sole or first joint inventor 

Yasuii HIRAMATSU 




Inventor's signature „ , v Date onni 

JfW MAT. m 2001 


&m 


nc-idcn£ c/o l/ m£DEN 00. , L'1'D.J.-l, Kxtaaata 
Ibxgawacfio, Ibi-gun, GIFU 501-0695 JAPAN 


Biff 


Citizenship ""V^A 
Japan v ° ' 




Post Office Address 

same as above 








Full name of second joint inventor, if any 

Yasutaka ITO 




Second joint Inventor's signature . „ Date onn . 

^sMeL 1±*> MAY.1O.2001 


ffiRFf 


Re 3dence IBIDEN 00., LTD, j^U^itagata 
Ibigawacho , Ibi-gun, GIFU 501-0695 JAPAN 


mm 


Citizenship ^ Q n/ 

Japan 'ol A 




Post Office Address, 

same as above 







(W=.l>JM<D&m%iW i giiZ'0\, >T h M^UciEfc U Z. t ) (Supply similar information and signature for third and subsequent 

joint inventors.) 




Page 3 of _f_ 

6/00 



United States Patent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 




Application deficiencies found during scanning: 

□ Page(s) o f were not present 

for Scanning. (Document title) 

□ Page(s) of_ were not present 

for scanning. (Document title) 



^Scanned copy is best available. C^P^^V^ 



